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bull semen, Holstein, Czech Fleckvieh, sperm survival Reproductive capacity of dairy cows has signifi cantly decreased tendency in the last decades (Flint, 2006) . This trend has several reasons: selection aimed at increasing milk production (Hanuš et al., 2010) and improving the breeding environment of dairy cows (Vacek et al., 2007) . The decreasing trend of dairy cow's conception is distinct in all animal breeders in developed countries (Lucy, 2001) . Similar results are also documented by results of milk recording in the Czech Republic. Problems of cows' fertility were continuously studied in recent years, but only from female point of view (Vacek et al., 2007; Stádník et al., 2008; Bezdíček and Louda, 2009 ). The results of cow's reproduction, however, among other factors are also infl uenced by the male component, which is represented by the fertility of bull's ejaculate.
Artifi cial insemination (AI), the fi rst biotechnology to be widely implemented in practice for improving reproduction traits and ensuring genetic gains, is important for selection and breeding of cattle (Gravance et al., 2009) . In the early days of their regular usage, AI doses were diluted and stored for short or medium periods before their use for insemination (Verberckmoes et al., 2005) . However, negative changes in sperm membranes in relation to storage time and extender used were demonstrated (e.g. Frydrychová et al., 2010) . The implementation of deep freezing technology completely changed selection and breeding processes, and AI became a very important tool for intensifying reproduction in cattle herds. The higher mating intensity and pregnancy rates for cows and heifers brought an enduring increase in the number of calves born. AI played an irreplaceable role in this process (Louda et al., 2008) , and its worldwide application was the main impulse for subsequent expansion of other procedures, e.g. management of estrus , freezing of sperm (Saragusty et al., 2009) , sperm sexing (Andersson et al., 2006) , collecting, freezing, cultivation and transfer of embryos (Říha et al., 1998) , and cloning (Liu et al., 2010 ).
Sperm quality is infl uenced by many factors, e.g. by such internal factors as breed, variation between individuals, and age of sire (Štolc et al., 2009a; Štolc et al., 2009b) , and by such external factors as feeding ration composition, content of specialized feeding supplements (Čeřovský et al., 2009) , environmental conditions, frequency of collecting ejaculate (Wolf and Smital, 2009) , and season of year (Hajirezaee et al., 2010) or even calendar month, and especially in animal species with seasonal sexual activity (Alavi et al., 2010) .
Conventional procedure for evaluating ejaculate that is performed before and a er cryopreservation includes determining volume, density, activity, and sperm morphology. These parameters mostly detect cases of signifi cantly inadequate reproduction or infertility in bulls (Rodriguez-Martinez, 1998) .
We are supposed that knowledge of these relationships will enable breeders of sires and producers of AI doses using these factors to modify the management of breeding to increase quality of AI doses produced.
The present study's objectives were to determine and evaluate eff ects of breed, age and BCS of bulls on quantitative and qualitative parameters of bulls ejaculates.
MATERIAL AND METHODS

Semen collecting and processing
The observations were made in a bull housing facility and laboratory at a single AI center, where 16 H and 15 F bulls were selected for monitoring. The bulls were fed an identical daily ration: hay (10 kg), straw (5 kg), soybean meal (0.5 kg) and mix of cereals: 1/3 oats, 1/3 wheat, 1/3 and barley (3 kg), plus the mineral mix Premin 22 Natural, VVS (0.1 kg). The selected bulls were from 1 to 7 years old and the frequency of semen collection for all was once weekly. One sample of ejaculate was obtained from each bull using an artifi cial vagina in September 2009 and in May 2010 repeatedly. The BCS of selected bulls was evaluated by fi ve point scale with an accuracy of 0.25 points at the time of ejaculate collecting according to methodology of body condition scoring especially for H and F breeds, respectively. The optimum BCS on fi ve point scale diff ered between evaluated breeds in relation to diff erent requirements in accordance with production type -milk in H and dual purpose in F. The volume of semen samples (VOL) was measured using an electronic scale (Scout Pro, OHAUS®), sperm concentration (DEN) using a spectrophotometer (GENESYS 10vis, Thermo Scientifi c®), and percentage of motile spermatozoa (ACT) subjectively by phase contrast microscopy (LP 3000, Arsenal®) immediately a er collecting. In addition, we evaluated the percentage of live sperm by staining before diluting and freezing in accordance with standard methodology (Ball and Peters, 2007) : a drop of semen was mixed with eosin on a preheated microscope slide, spread, then examined under a phase contrast microscope at 1 000x magnifi cation and with oil immersion. We classifi ed a minimum of 100 spermatozoa as either dead (with red heads) or live (with white heads) and expressed this as a percentage rate. We also evaluated a percentage of pathologic sperm in accordance with Wells II. Method: a drop of semen was spread on microscope slide. A er drying the smear was subsequently stained with Congo red, Bromothymol blue and Janus green. A er that, the smear was examined under a phase contrast microscope at 1 000x magnifi cation and with oil immersion. We classifi ed a minimum of 200 spermatozoa as normal or pathologic.
Only fresh semen with required quality (minimum progressive motility 70% and sperm concentration 0.7 × 10 6 mm −3
) was used for the subsequent processing of samples for observation according to common standards used for producing AI doses.
The samples of semen were diluted with AndroMed® (Minitüb, Tiefenbach, Germany), a commercially produced extender containing soybean lecithin extract. Polyvinyl chloride (PVC) straws (0.25 cm 3 ; IMV) were fi lled, cooled to 4 °C and equilibrated for 90 min. Subsequently, they were frozen in a programmable freezing device (IMVDigitcool, L'Aigle, France) then plunged into liquid nitrogen for storage.
Sperm survival test
We assessed sperm motility subjectively using phase contrast microscopy (LP 3000, Arsenal®) at 200x magnifi cation immediately a er collecting (ACT), a er diluting (DIL) and a er freezing/ thawing (FRO). The motility values were detected at the beginning of the short-term heat test of sperm survival (ACT0, DIL0 and FRO0) and then a er 30, 60 and 90 min (ACT30-90, DIL30-90) and FRO30-90, respectively) of the test duration in a dry heater (Thermo-block, FALC®) at a temperature of 38 ± 1 °C.
Straws were thawed in a water bath at 38 ± 1°C for 40 s., then input to preheated sterile tubes with sodium citrate physiological solution.
Statistical analysis
The data set was analyzed using a generalized linear model in the SAS statistical program (SAS/ STAT ® 9. The diff erences between the variables estimated were tested at the levels of signifi cance P < 0.05 (*); P < 0.01 (**) and P < 0.001 (***). Spearman correlation coeffi cients were also determined.
RESULTS AND DISCUSSION
The eff ects of individual factors included in the statistical model are presented in Tab. I. Coeffi cient of the whole model repeatability ranged from r 2 = 0.03 to r 2 = 0.36 during the evaluation of observed traits. Eff ect of breed was signifi cant in relation to the activity of sperm and percentage of pathologic sperm (P < 0.05). Eff ect of bull's BCS was signifi cant in relation to the sperm concentration, activity of sperm (P < 0.05) and percentage of pathologic sperm (P < 0.01) as well, and eff ect of bull's age was signifi cant only according to the sperm density and volume (P < 0.05).
The basic statistical characteristics of observed data are shown in Tab. II. The volume of ejaculate ranged from 2.8 to 20.0 g in Holstein bulls, respectively from 2.9 to 21.5 g in Fleckvieh bulls. The volumes of ejaculates correspond to the fi ndings of other authors, e.g. Louda et al. (2007) reported the range 3-12 g in sires kept in AI centre. Ball and Peters (2007) mentioned the range from 5 to 6 g. The minimum volume of bull ejaculate suitable for long-term preservation is 3 g in adult bulls and 2 g in young bulls (Hafez and Hafez, 2000) . Our results documented that the samples of semen obtained from selected bulls were suitable for processing and producing of semen doses.
The sperm density ranged from 0.4 to 1.6 × 10 6 mm −3 in the both groups of breed. Our results agreed with those of Louda et al. (2007) , who reported sperm density in bulls' ejaculates from 0.8 to 2.0 × 10 6 mm −3 . However, Ball and Peters (2007) observed a range from 0 in azoospermic bulls to 3 000 × 10 6 mm −3 in excellent sires. The minimum requirement for sperm density in relation to subsequent processing is 700.000 mm −3 to maintain fertility of sperm a er freezing/thawing process (Hafez and Hafez, 2000) . Our fi ndings documented that the samples of semen obtained from selected bulls had a suitable density for processing and producing of semen doses.
Percentage of live sperm belongs to the main biological treatment of sperm quality. We take a refl ection about viability and fertility of ejaculate. The rate of live sperm ranged from 30.0 to 94.0% in Holstein bulls and from 0.0 to 90.0 in Czech Fleckvieh.
The rate of pathologic sperm belongs to the morphological methods of ejaculate examination. Knowledge of sperm morphology may contribute for determination the causes of sires' infertility. The rate of pathologic sperm ranged from 3 to 33% in Holstein bulls, respectively from 4 to 30% in Czech Fleckvieh. Louda et al. (2007) reported percentage rate of pathologic sperm 20% maximal. So our results were slightly higher than the abovementioned limit, however selected bulls have been used regularly for AI doses production in AI center observed.
Indicators which are mentioned above belong to the fundamental characteristics of collected semen and determine the initial quality of ejaculate subsequently used for AI doses manufacturing. The last fi ndings confi rm the initial quality of ejaculate determines fi nal quality of AI dose (Beran et al., 2011) .
Results of sperm survival in accordance with breed eff ect are shown in Tab. II and Fig. 1 . The highest level of activity was detected a er sperm dilution in both breeds evaluated. This fact confi rms the suitable technology of sperm dilution and AI doses preparation for ensuring the highest possible quality of ejaculate for subsequent freezing. Freezing of AI doses, storage for long period and thawing is a demanding process for sperm membranes and its viability (Frydrychová et al., 2010) . Our results documented these relationships according to signifi cant decline of activity a er thawing. Evaluating interbreed diff erences, sperm activity a er collection and dilution were higher in Holstein but activity of sperm a er freezing/ thawing in Czech Fleckvieh bulls. In Holstein sires were most signifi cant decreases in ACT90 compared to Czech Fleckvieh. The H activity of sperm a er freezing/thawing (FRO0 and FRO30) were higher The sperm survival in relation to the BCS of bulls is shown in Fig. 2 . Results described higher level of sperm activity immediately a er collection in bulls with higher BCS (> 2.75), especially during the entire short-term test (P < 0.05). The same trend of sperm activity decline was detected a er dilution and freezing/thawing as well, and sires with BCS higher 2.75 demonstrated lower level of sperm activity decline simultaneously. These fi ndings recommended the sires BCS on the level 2.75 and higher as the most suitable. However, subsequent research focused to determination of the upper line of suitable BCS is required. Traits of sires' sperm quality were not yet evaluated in relation to its BCS and breeders of sires can used these results for the changes in management of sires breeding.
The sperm survival in relation to the age of bulls is shown in Fig. 3 and 4 . In Holstein, the activity of the sperm a er collection was almost the same in both categories of age during the whole test. Holstein sires demonstrated signifi cantly (P < 0.05) higher decline in sperm activity a er 90 minutes of the test comparing with Czech Fleckvieh sires. This fact could relate to higher intensity of metabolism in Holstein breed and evoke requirement the diff erent composition of diluters for Holstein sires. Sperm activity a er dilution was the same at the beginning and a er 30 minutes of the test, but a er 60 and 90 minutes was signifi cantly higher in old Holstein bulls. Sperm activity a er freezing/thawing was higher in old Holstein bulls during the whole test. These fi ndings correspond with those of Štolc et al. (2009a) and indicate the signifi cant eff ect of age as well as that processing of ejaculate -dilution and freezing/thawing signifi cantly decline level of sperm activity in total and especially a er 60 and 90 minutes. Producers of AI doses could use results of young bulls for ensuring the higher quality of their AI doses by low level of dilution of their ejaculate. However, this possibility contradicts economy of AI doses manufacturing. The similar tendencies were detected in sperm activity of Czech Fleckvieh sires a er collection and dilution. Nevertheless, sperm activity a er freezing/thawing was higher in young bulls during the whole test of sperm survival. This fact is opposing to results detected in Holstein bulls and indicates need the diff erences in AI doses manufacturing according to breed, respectively production type, of bulls, although the technology of AI doses production is not diff erent in present practice. Again, our fi ndings agreed with those of Štolc et al. (2009a) or Štolc et al. (2009b) as well. Tab. III contains Spearman correlation coeffi cients among the basic traits of ejaculate. Signifi cant coeffi cients were detected between age of bulls and volume of sperm (P < 0.05), sperm density and pathologic sperm ratio (P < 0.01) and between activity of sperm immediately a er collection and sperm density and percentage of live and pathologic sperm (P < 0.05).
Tab. IV shows Spearman correlation coeffi cients among sperm activity a er collection, diluting, freezing/thawing and during the short-term test 
CONCLUSION
A statistically signifi cant eff ect of the breed, age and body condition on qualitative and quantitative traits of bull's sperm was determined (P < 0.05−0.01). Sperm activity a er collection, dilution and freezing/thawing had signifi cantly decreasing character during the entire short-term heat test of sperm survival. The highest values of sperm activity were detected in diluted semen and the lowest values had frozen/thawed samples of bull semen in both bull's breed and age. Selected relationships between observed traits were confi rmed by Spearman correlation coeffi cients (P < 0.05−0.0001).
We can conclude that freezing process reduces the activity of sperm so the initial semen quality is critical for fi nal quality of AI dose a er thawing. It is therefore important to use all information ensuring the highest quality of semen immediately a er collecting and diluting before the processing of AI dose of sires. 
